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structures or schemas, which coordinate interactions at the lower executional levels in the spatial and temporal domain. Consequently, the observed goal-related spatial and temporal invariances can be viewed as reflecting "motor equivalence." Therefore, motor coordination is not the goal but a means to achieve the goal of an action.
The reported clinical findings on deficits in motor coordination are not sufficiently explained by assuming a strict hierarchical structure of the motor system. However, promising new concepts postulate that many different, especially cortical, structures are recruited in a neural network subserving motor coordination depending on the goal of the action. Each structure contributes a certain function, and it is likely that only the interplay of many structures forms the coordinative schemas necessary for organizing an action. This would fit the clinical observations that different high-level aspects of motor coordination are disturbed when certain parts of the network are lesioned. To adequately approach the complexity of the coordination network, the trend to qualitatively and quantitatively study more complex, goal-directed actions should be reinforced. 3 . Desmurget, M., M. Jordan, C. Prablanc, and M. Jeannerod. Constrained and unconstrained movements involve different control strategies. J. Neurophysiol. Recently, it has been demonstrated that such Ca 2+ mobilization and capacitative Ca 2+ entry occur in neuroepithelial cells, or undifferentiated progenitor cells, in the early embryonic neural retina when the cells are engaged in mitotic activities (9, 11, 15) . This review focuses on the pharmacological properties of the receptors that elicit embryonic Ca 2+ mobilization, the intracellular signal transduction mechanism, and the developmental change in capacitative Ca 2+ entry.
P 2U purinoceptors and muscarinic receptors elicit Ca 2+ mobilization during neurogenesis
When adenosine 5Ј-triphosphate (ATP) is extracellularly applied to the neural retina dis- ] i by the release of Ca 2+ from Ca 2+ stores (15) . The Ca 2+ increase in response to acetylcholine is not blocked by d-tubocurarine but is abolished by atropine. Increases in Ca 2+ are evoked by the agonists for muscarinic receptors, muscarine and carbamylcholine (CCh; Fig. 1Ab ).
Changes in purinergic and muscarinic Ca 2+ mobilizations are closely correlated during embryonic development. These Ca 2+ responses are intense at E3-E5 but drastically decline toward E8 and decrease further until E13 (Fig.  1B) . Because the synaptic structures appear from E14 in the chick retina (10), it is unlikely that the purinergic and muscarinic Ca 2+ mobilizations have any functional roles in synaptic transmission. A possible explanation is that the Ca 2+ mobilization has regulatory roles in cell cycle control during neurogenesis as shown in other cell types (12, 13) . It is noted that the purinergic and muscarinic Ca 2+ mobilizations decline in parallel with the decline in mitotic activities of the cells in the neural retina (see Ref. 6) (Fig. 1B) .
This close relationship could indicate that the Ca 2+ mobilization is involved in the cellular processes during the early development of the neural retina, such as the proliferation of neuroepithelial or undifferentiated progenitor cells. Alternatively, the increase in Ca 2+ could be a function of retinal morphogenesis, since acetylcholine induces incurvation of the embryonic neural retina via muscarinic receptors and the increase in [Ca 2+ ] i (14) . The results obtained to date, however, raise a question concerning the actual occurrence of purinergic and cholinergic signals in the early embryonic retina, because synaptic structures do not appear until late in development. The actual agent that induces the Ca 2+ mobilization and the source of the agent should be identified in the early embryonic retina.
Intracellular signal transduction mechanisms for the purinergic and muscarinic Ca 2+ mobilizations
Muscarinic receptors and P 2U purinoceptors belong to a family of G protein-linked receptors (1, 3). It can be supposed that the embryonic Ca 2+ mobilizations in the chick retina are evoked through signal transduction pathways. The signal transduction mechanisms for the purinergic and muscarinic Ca 2+ mobilizations have been studied (8) , and the summary of the study is illustrated in Fig. 2 .
G protein-linked receptors have seven membrane-spanning domains and stimulate PLC␤ by activating G proteins (1). G proteins can be classified into two groups, depending on their sensitivity to pertussis toxin (1 -free bath solution to deplete the Ca 2+ store, the response to CCh is progressively less than that without the preceding ATP application. On the contrary, the ATP response is also attenuated by preceding successive applications of CCh in the Ca 2+ -free solution. These interactions may suggest that a part of the Ca 2+ store is utilized by both the purinergic and muscarinic Ca 2+ mobilizations. When ATP and CCh are applied simultaneously, a synergistic interaction occurs. The response to the simultaneous application of ATP and CCh is much greater than the simple summation of the individual responses. Such synergistic interactions also occur in the otocyst of the chick embryo (4). It is likely that the site of interaction is an accumulation of IP 3 . The simultaneous application of ATP and CCh may produce IP 3 more effectively than the application of ATP or CCh alone. (Fig. 3A) . This Ca 2+ increase is suppressed by Zn 2+ and Ni 2+ (Fig. 2) . Such Ca 2+ increases are clearly observed at E3 and E5 but are not seen at E13 (see Fig. 3A ). The developmental changes in the thapsigargin-induced Ca 2+ increase were studied from E3 to E13 (9) . The thapsigargininduced Ca 2+ increase is greatest at E3, declines rapidly toward E6, and then decreases gradually until E13, when the Ca 2+ increase almost disappears (Fig. 3B) . This developmental profile is very close to or somewhat precedes the decline of purinergic and muscarinic Ca 2+ mobilizations and of the mitotic activity of the retinal cells (cf. Fig. 1B ).
Capacitative Ca 2+ influx and its developmental change
An advantage of the use of the developing retina is that the retinal layers represent the sequence of cellular maturation: postmitotic cells migrate to the inner layer and mitotic cells are located at the outer layer. We studied the spatial distribution of the thapsigargin-induced Ca (9) . The fluorescence imaging with the vertical slice of the E9 chick retina has shown that the site at which the thapsigargin-induced Ca 2+ increase is greatest is the outermost layer of the retina, where proliferating cells are located. This spatial distribution and the above developmental profile may suggest that the capacitative Ca 2+ influx occurs at the early period of neurogenesis when the cells are engaged in mitotic activities.
Concluding remarks
Neuroepithelial cells, or undifferentiated progenitor cells in the early embryonic neural retina, have a Ca 2+ mobilization system that includes phosphatidylinositol metabolism, IP 3 
